Among the new types of entanglements in polymeric architectures the phenomenon of self-interpenetration has attracted attention in recent times. 
Introduction
Polymeric co-ordination networks 1 are of great current interest not only for their potential applications as new zeolite-like materials 2 for molecular selection, ion exchange and catalysis, but also for their intriguing architectures and topologies. Many recent examples have evidenced that topological types unprecedented in inorganic compounds and in minerals can be observed within co-ordination polymer frameworks.
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Particularly attractive is the finding of species with novel modes of supramolecular intertwining, that contribute more and more to increase our knowledge of the self-assembly processes and of the supramolecular self-organization of co-ordination polymers. The structural complexity of such systems needs a rational classification 4 both of the topology of the constituent polymeric frames and of the interpenetration phenomena (type and degree), as a basic tool for the crystal engineering and for a better understanding of the properties of these materials. Interpenetrating networks 5 are known to include a variety of types, ranging from n-fold entanglements of two-dimensional or three-dimensional frames with common prototypical topologies to more unusual species, like polymeric rotaxanes 6 and polycatenated motifs. 7 In this context, we have found particularly interesting a recent paper by the Robson group 3b that reports a remarkable three-connected single network of (12 3 ) topology, previously enumerated by Wells 8 but never found in real species, that exhibits the peculiar feature of selfentanglement, in the sense that 1/3 of the shortest circuits (12-gons) starting and ending at one centre have other such circuits, referred to another centre, passing through them. Another more recent case, described as a 'polyknotted' network, involves interpenetrating one-dimensional ladder-like polymers that are connected by µ-η 2 -bridging nitrate counter ions to give a † Based on the presentation given at Dalton Discussion No. 
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Results and discussion
Compound 1 is a silver() polymeric species assembled with a 'relatively short' linear exo-bidentate pyrazine spacer. We have already shown that pyrazine and substituted pyrazines are suitable for the self-assembly of co-ordination networks, and have reported on some interesting species obtained with different silver salts, including a threefold interpenetrated net with the α-ThSi 2 (10 3 -b) topology, 11 a simple α-polonium frame, 12 and a remarkable 'solid-state racemate' exhibiting the SrSi 2 (10 3 -a) topology. 13 Since the network structure is strongly dependent both on the anion of the silver salt and on the substituents on the aromatic pyrazine ring, we are studying other self-assembly reactions of this type by a systematic variation of the reagents.
The reaction of AgSbF 6 with 2-ethylpyrazine in CH 2 Cl 2 using a molar ratio of 1 : 2 gives a mixture of products containing as the main species [Ag (2- 14 The nature of the bulk precipitate has been investigated by X-ray powder diffraction techniques, by comparison with the spectra simulated from the single crystal data of the two above species, showing that the mixture contains ca. 70% of 1 and 30% of the two-dimensional polymer. The crystals of 1 are air and light stable for long times and almost insoluble in all common organic solvents.
If compared with pyrazine (with a N-to-N distance of ca. 2.8 Å) the bis(4-pyridyl)ethane ligand is a much longer spacer (N-to-N of ca. 9.3 Å in the trans conformation), that has been extensively employed in the crystal engineering of coordination polymers, 15 in order to obtain larger cavities and channels, suitable for containing guest molecules. The reaction of bpe with copper() sulfate in a molar ratio of 2 : 1 gives a bulk blue precipitate of composition [Cu(bpe) 2 (SO 4 )]ؒ5H 2 O 2.
Attempts to obtain single crystals of 2 upon layering an ethanolic solution of the ligand on a water solution of the metal salt, by slow diffusion of the reagents, resulted in the formation, together with the desired species, also of minor amounts of crystals of another product, characterized by X-ray diffraction as the 1 : 1 adduct [Cu(bpe)(SO 4 )]ؒH 2 O. It contains -Cu-bpe-Cu-bpe-one-dimensional chains connected by bridging sulfate anions to form layers of squares.
16 This species can be obtained as the unique product on performing the reaction with a 1 : 1 molar ratio of the reagents.
Structure of the coesite-like species
The crystal structure of compound 1 contains a single threedimensional frame of four-connected silver ions linked by 2-ethpyz spacer ligands, with the SbF 6 Ϫ anions occupying all the free voids of the network. There are four independent silver ions and eight independent 2-ethpyz ligands forming square subunits, as illustrated in Fig. 1 . The co-ordination of the silver ions is quite distorted tetrahedral with Ag-N bonds in the range 2.246(7)-2.525(8) Å and N-Ag-N angles ranging from 91.0(3) to 139.3(3)Њ (see Table 1 ).
The squares are normal to the [0 0 1] direction and are con- Table 1 Selected bond distances (Å) and angles (Њ) in compounds 1 and 2 (2) Ag ( 
2.079 (7) represent basic topological motifs, common to other fourconnected nets (like feldspar), 10,18 both in natural and in synthetic species, 19,20 that are linked to identical parallel motifs by means of the remaining fourth ligand on each metal centre, to produce the overall three-dimensional architecture. Each double-crankshaft is connected to six parallel adjacent identical motifs, as schematically shown in Fig. 3 . The network is binodal with a (4 2 ,6 3 ,8)(4 2 ,6,8 2 ,9) topology (the first symbol for Ag2 and Ag4, the second one for Ag1 and Ag3), that is the same as the silicon net in the SiO 2 high-pressure polymorph coesite.
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Compound 1 is, to our knowledge, the first example of a molecular based polymer with this topology. The topological properties of this net have been analysed by O'Keeffe, 10,17 who underlined the presence of interpenetrating eightfold circuits.
The phenomenon is schematically rationalized in Fig. 4 : starting from the view of the net approximately down [1 0 1] (Fig. 4, top) one can imagine cutting all the links along the planes indicated (that project as lines AAЈ and BBЈ). The region isolated in this way is an infinite layer comprised of two interpenetrating two-dimensional nets of (4, 8 2 ) topology (Fig. 4,  bottom) . The self-catenation involves chains of edge-sharing eight-membered rings: pairs of such chains are interlocked as shown in Fig. 5 .
Structure of the nanoporous polymeric species [Cu(bpe) 2 (SO 4 )]ؒ 5H 2 O 2
The crystal structure of compound 2 consists of a complex three-dimensional single network based on copper() centres four-connected to bpe spacer ligands. There are two independent copper atoms, lying on inversion centres, and three different bpe ligands, two of which (bpe1 and bpe2) are disposed about twofold axes. All the ligands exhibit the trans conformation, with N-to-N distances in the range 9.250-9.312 Å. The metal atoms display octahedral (4 ϩ 2) co-ordination geometries, illustrated in Fig. 6 , showing four equatorial bonds with pyridyl groups and two axial elongated interactions with oxygen atoms of the sulfates (see Table 1 ). The anions act as µ,η 2 bridging between adjacent copper ions to give -Cu1-(SO 4 )-Cu2-(SO 4 )-rows along the [1 1 0] and [1 Ϫ1 0] directions. The overall packing is shown in Fig. 7 . 
Fig. 6
The basic unit present in compound 2, showing the coordination spheres of the copper() atoms with partial labelling. Three different colours are used here and in the following diagrams to evidence the three independent bpe ligands: bpe1, blue; bpe2, red; bpe3, black. network. This is a binodal fourconnected net with the, to our knowledge, unprecedented (6 4 ,8 2 )(6,8 5 ) topology (the two corresponding nodes being Cu2 and Cu1, respectively).
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A better insight into the nature of this intricate architecture can be achieved if one can imagine removing one at a time the three independent bpe ligands (see Fig. 8 ). On removing the cross-linking bpe3 ligands all the remainder is comprised of three types of one-dimensional chains spanning three different directions [ Fig. 8(a) ], one of which contains only Cu1 and the other two only Cu2, as mentioned above. Different intriguing polymeric motifs can be envisaged by eliminating bpe1 or bpe2: in the former case two-dimensional layers of rectangular grids [of (4,4) topology] are obtained, with the Cu2 ions at the corners and the Cu1 ones as spacers in the middle of the longer edges [ Fig. 8(b) ]. The layers display two spatial orientations and give inclined interpenetration, as shown in Fig. 8(c) . On the other hand, elimination of bpe2 leaves a three-dimensional four-connected frame [ Fig. 8(d) 24 Since the subnets of compound 2 described above are interpenetrated the overall framework is self-interpenetrated or self-catenated. All the basic circuits (6-and 8-membered rings) are catenated by other circuits. The self-catenation of the 6-membered rings by other 6-membered rings, occurring at the intersection of the crossing of two-dimensional layers described above [see Fig. 8(c) ], is illustrated in Fig. 9 .
The reason for interpenetration is the need to fill the void space of a single network, i.e. a consequence of mother nature's horror vacui, and a similar role is played also by self-interpenetration. However, in spite of this feature, compound 2 is a nanoporous material that contains large cavities full of solvated water molecules (see Fig. 10 ). The overall free volume can be estimated to be about 1200 Å 3 , i.e. 20.4% of the cell volume. The cavities are disposed to form continuous snaking channels extending in the [1 0 0] direction, whose surfaces can be modelled as shown in Fig. 10 (bottom) .
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Thermogravimetric analyses on powder samples of compound 2 show a weight loss of about 12% in the range 40-120 ЊC, and DSC analyses exhibit an endothermic peak in the same range, that can be attributed to loss of the guest water molecules. The sample after desolvation is still crystalline and the X-ray powder diffraction pattern shows that the structure of the framework remains essentially unchanged. The process is reversible, as ascertained by TG analyses performed on a desolvated sample left for some hours exposed to water vapours. On increasing the temperature to 500 ЊC the TG analysis shows three further weight losses, of about 16 (range Fig. 9 The self-catenation of two chains of rectangular 6-membered circuits in compound 2. 12 (200-260) and 39% (260-420 ЊC) . The residue at 500 ЊC is about 18% of the original weight and its XRPD pattern shows that the composition is Cu 2 O and metallic copper. The DSC analysis in the same range of temperature confirms the complex multistep way of decomposition. Monitoring by XRPD shows that in the range 140-180 ЊC the sample is amorphous but at ca. 180 ЊC it again becomes crystalline, with a different pattern.
Conclusion
The two polymeric species reported here contain [ML 2 ] threedimensional single networks that are noteworthy for their topology and for the feature of self-interpenetration. Both frames contain metal centres that are four-connected to the aromatic spacer ligands, with tetrahedral (in 1) or squareplanar (in 2) geometries. However, instead of the prototypical reference networks that are expected to be more probable with these types of centres, i.e. diamond and NbO (or also CdSO 4 ), for 1 and 2 respectively, both polymers adopt uncommon topologies. In the former case, as already pointed out, the anions and the substituents on the pyrazine ring play a relevant but subtle role in orienting the overall structural motif, taking into account that the related polymer [bis(2,5-dimethylpyrazine)silver hexafluorophosphate, for example, consists of a single diamondoid net. 26 The formation of a network like that in 1, that contains 'strained' square circuits, is also made possible thanks to the versatility of the silver ions in giving quite distorted co-ordination geometries. The topology of 2, when compared with that of the related species [Cu(NO 3 ) 2 -(bpe) 2 ], 24 of the CdSO 4 topological type, can very probably be ascribed to the change of the counter ions and to the more pronounced ability of the sulfates to act as bridges between two metal centres.
The finding of new topologies can be useful at the basic level in the crystal engineering of co-ordination networks. The control of the topology is fundamental in determining the properties and applications of a networked material, by tuning the shape and dimensions of the cavities and channels. Generally the presence of interpenetration is a factor that limits the nanoporous behaviour of a species, and must be avoided for that purpose. The two examples reported here illustrate another factor that can operate in a similar sense, the rare phenomenon of self-catenation, that is expected to be encountered more frequently in the future with increasing number of structurally characterized networks. Though it represents a very fascinating structural feature, it certainly works in the sense of reducing the free voids inside a three-dimensional array, and, indeed, the self-catenated coesite is the densest known form of silica.
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Experimental Materials
All reagents and solvents employed were commercially available high-grade purity materials (Aldrich Chemicals), used as supplied, without further purification. Elemental analyses were carried out at the Microanalytical Laboratory of the University of Milano. Thermal analyses were performed on Perkin-Elmer DSC 7 and TGA 7 at a heating rate of 10 ЊC min Ϫ1 , under a flux of nitrogen. X-Ray powder diffraction patterns were collected on a Rigaku D/Max horizontal-scan diffractometer.
Syntheses
[Ag(2-ethpyz) 2 ][SbF 6 ] 1. A solution of AgSbF 6 (0.070 g; 0.020 mmol) in ethanol (2 mL) was added to a solution of 2-ethylpyrazine (0.044 mL; 0.04 mmol) in CH 2 Cl 2 (3 mL). After stirring the reaction mixture for about 1 h it was left for many days in the dark and allowed to concentrate by slow evaporation in the air, to give in good yield a crystalline pre-cipitate that was recovered by filtration and dried in the air. This precipitate contains beautiful large colourless crystals of complex 1 together with minor amounts of a second crystalline species, that was shown to be [Ag 2 (2- 
Crystallography
Crystal data for compounds 1 and 2 are in Table 2 . The data collections were performed at 293 K on a SMART-CCD Bruker diffractometer, by the ω-scan method, within the limits 2 < θ < 24 (1), 2 < θ < 30Њ (2) . Empirical absorption corrections (SADABS) 28 were applied in both cases. The structures were solved by direct methods (SIR 97) 29 and refined by full-matrix least squares on F 2 (SHELX 97).
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In compound 1 one of eight independent ligands was found disordered and refined isotropically using two models with occupancies of 60 and 40%. Another ligand displays disorder involving only the terminal methyl group. Also two SbF 6 Ϫ anions are disordered and their refinements were carried out isotropically, using a suitable double model for each. Anisotropic thermal parameters were assigned to all the other nonhydrogen atoms but the fluorine atoms. In 2 one of the bpe ligands, lying about a twofold axis, shows disorder and was treated isotropically using two models with refined occupancies of 55-45%. Anisotropic thermal parameters were assigned to all non-hydrogen atoms except to the oxygen atoms of the clathrate water molecules. All the diagrams were drawn using the SCHAKAL 99 program.
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CCDC reference number 186/2038. See http://www.rsc.org/suppdata/dt/b0/b003092i/ for crystallographic files in .cif format. 
